Background: Epiphrenic diverticula are rare outpouchings of the distal esophagus that infrequently require surgical intervention for the treatment of symptoms. In cases where surgical therapy is indicated, the traditional approach is through a thoracotomy. Advances in minimally invasive techniques have led to thoracoscopic and more recently laparoscopic management of epiphrenic diverticula. The purpose of this article is to review the literature on minimally invasive surgery for epiphrenic diverticula with particular attention to the operative approach and technique, surgical mortality and morbidity, and symptomatic outcomes.
INTRODUCTION
Epiphrenic diverticula are defined as mucosal outpouchings located in the distal 10cm of the thoracic esophagus that are pulsion in origin. They are rare entities with an estimated prevalence of approximately 0.015% based on radiologic data. 1 In large series reporting on clinical findings, 50% to 80% of patients had minimal or no symptoms. 2, 3 In asymptomatic patients with small diverticula (Ͻ5 cm), routine clinical and esophagoscopic follow-up is advised. Medical and endoscopic therapies may be utilized in patients with minimal symptoms or those who are not good surgical candidates. Surgical therapy, typically reserved for large diverticula or those producing significant symptoms, has traditionally been performed through a thoracotomy. Recent advances in minimal access surgery have led to thoracoscopic and laparoscopic management of this disease. In this article, we review the literature on minimally invasive surgery for epiphrenic diverticula.
MATERIALS AND METHODS
A review of the literature limited to studies reported in the English language and performed on humans was conducted on PubMed using the following key words: "esophageal diverticula" and "epiphrenic." Articles retrieved by the PubMed search were reviewed. Case reports were excluded. Operative details, perioperative outcomes, and follow-up data were examined.
RESULTS
A total of 10 studies cumulatively reporting the outcomes of 85 patients undergoing minimally invasive surgery for epiphrenic diverticula were identified utilizing the above search criteria. Two of the series included a subset of patients with midesophageal diverticula, and these manuscripts were carefully analyzed in an attempt to include only patients with epiphrenic diverticula in the summary of data. The majority of patients (73/85; 86%) were approached laparoscopically and underwent diverticulectomy, myotomy, and fundoplication (63/85; 74%) ( Table 1) . Only 1 patient out of all the series required conversion to an open procedure due to dense fibrous tissue surrounding the esophagus making dissection of the diverticulum difficult. 9 One 30-day death was reported in a patient who had a myocardial infarction postoperatively (Table 2) . Morbidity rates ranged from 0% to 50%, with the most common complications being leak, pneumonia, and empyema. In 6 of the series, at least 1 patient underwent early reoperation for a complication, the most common of which was primary repair of a leak. Surgical outcomes were excellent or good (ie, asymptomatic or minimally symptomatic) in 83% to 100% of patients in each series with short to intermediate follow-up (5 to 58 months) ( Table 3) . Diverticular recurrence was limited to 1 patient.
DISCUSSION
The majority of series have preferred a laparoscopic approach in this patient population. The reported benefits of this technique include better visualization of the distal esophagus, which is of particular importance in patients undergoing a myotomy, fundoplication, or both of these, and better alignment of the endoscopic stapler along the longitudinal axis of the esophagus. 4, 10, 12, 13 The disadvantages of the laparoscopic approach are seen in cases of diverticula that are large or inflamed with significant adhesions, both of which make adequate transhiatal dissection difficult. 5, 6, 10 The VATS approach has been preferred in these cases. When a long myotomy is performed, some authors have continued to use a laparoscopic approach, whereas others will selectively use VATS in these cases.
Whether or not to include a myotomy is controversial. In some series, a myotomy and fundoplication were performed in all patients regardless of preoperative manometric findings. 5, 9, 10 The principal factor in this decision is that higher rates of diverticular recurrence and leak have been observed in those undergoing diverticulectomy alone in prior open studies. The length of the myotomy is another area of debate. Some authors advocate a long myotomy in all patients, 9 others a myotomy extending from the upper limit of the diverticular neck to the proximal 1.5 cm to 2 cm of the stomach, 5,10 -12 and yet others will correlate the length of the myotomy with the extent of the motor abnormality. 13 The 11 use a fundoplication only in patients with preoperative GERD, a hiatal hernia, or in those undergoing significant hiatal dissection. Palanivelu et al 13 use a floppy Nissen in those with prior GERD or a hiatal hernia, a Toupet in those with associated achalasia, and a Dor in all remaining patients. Regardless of preference, it is clear that a randomized trial of these various fundoplications limited to patients with a diagnosis of epiphrenic diverticulum would be difficult secondary to the rare incidence of the disease. Rather, data from studies of other benign esophageal diseases will likely need to be extrapolated to determine the optimal type of fundoplication to use in this patient cohort.
The minimally invasive approach appears to be safe, with no operative mortality and only 1 death secondary to a postoperative myocardial infarction reported in the articles that were reviewed. Morbidity rates ranged significantly from 0% to 50%, with 12 (14%) cumulative leaks being reported. Many of these leaks were encountered early in the authors' experience and were associated with operations that have since been revised. Surgical outcomes were excellent, with 83% to 100% of patients in the reviewed studies being completely asymptomatic or minimally symptomatic at followup. Only 1 diverticular recurrence was reported.
These results are encouraging and comparable to outcomes reported in large open series (Table 4) . Among the potential benefits of a minimally invasive approach in these patients is reduced perioperative mortality, as there was only 1 death (1.2%) in 85 patients in the laparoscopic or VATS series compared with 9 (6.1%) deaths in 147 patients in the open series. Length of stay was less than 1 week in 6 of the 8 minimally invasive series reporting this variable, whereas patients in both of the open series that reported length of stay remained in the hospital at least 1 week on average. Perioperative morbidity, including leak rate, was comparable as there was significant overlapping between the ranges observed within each group. Symptom relief appears to be favorable in the minimally invasive series; however, the follow-up period was significantly shorter than those reported in the open literature. Long-term data will help confirm whether the minimally invasive approach truly offers comparable symptomatic control. As more data are published, other potential benefits of laparoscopy or VATS in this patient cohort will certainly be elucidated.
CONCLUSION
Minimally invasive surgery has progressed over the last several years and is increasingly being used for the management of patients with technically demanding surgical diseases. Diverticulectomy, myotomy, and fundoplication are all challenging procedures, even with an open approach. The principal benefits of a minimally invasive approach appear to be reduced operative mortality, decreased length of stay, and comparable symptom relief. These observations support the use of a laparoscopic or VATS approach. However, it is important to note that many authors of the reviewed series are surgeons with significant experience in minimally invasive foregut surgery. Therefore, the extrapolation of these data to all centers regardless of volume or experience would undoubtedly be flawed. The technical difficulty of these procedures and associated morbidity demands caution and should limit the use of laparoscopic or VATS approaches for epiphrenic diverticula to centers with significant experience in minimally invasive esophageal surgery.
